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6IAUCOHA TR£ATMEKT 
This application relates to glaucoma treatment. 
BacXoround of the Invention 

5 Glaucoma affects approximately five percent of 

persons who are older than 65 years and fourteen percent 
of those older than 80 years. The visual loss which 
results from glaucoma conditions has been attributed to 
progressive damage of the optic nerve and consequent loss 
10 of retinal ganglion cells, mediated by elevated 

intraocular pressure (Quigley et al., Jnvest. Ophthalmol. 
Vis. Sex. 19:505, 1980). Consequently, therapeutic 
modalities have focused on the management of intraocular 
pressure. 

15 Many compounds have been proposed to treat 

glaucoma. See generally, Horlington U.S. Patent 
4,425,346; Komuro et al. U.S. Patent 4,396,625; Gubin et 
al. U.S. Patent 5,017,579; Yamamori et al. U.S. Patent 
4,396,625; and Bodor et al. U.S. Patent 4,158,005. 

20 At the present time, medical control of 

intraocular pressure consists of topical or oral 
administration of a miotic (e.g., pilocarpine), 
epinephrine derivatives (e.g., dipivalyl epinephrine), or 
topical beta blockers (e.g., timolol). Abelson U.S. 

25 4,981,871 discloses the use of a class I voltage- 
dependent Ca*'*' channel blocking agent (a phenylalkylamine) 
to treat elevated ocular pressure (Specifically, Abelson 
'871 discloses the use of verapamil, which does not cross 
the blood brain barrier and does not reach retinal 

30 ganglion cells) • 

Miotics may reduce the patient's visual acuity, 
particularly in the presence of lenticular opacities. 
Topical beta blockers such as Timolol™ have been 
associated with systemic side effects such as fatigue, 

35 confusion, or asthma, and exacerbation of cardiac 



wo 94/13275 



PCT/US93/11833 



- 2 - 

symptoms has been reported after rapid withdrawal of 
topical beta blockers • Oral administration of carbonic 
anhydrase inhibitors, such as acetazolamide, may also be 
used, but these agents can be associated with systemic 
5 side effects including chronic metabolic acidosis. 

If current methods of treatment fail to reduce 
intraocular pressure, laser treatment or a drainage 
operation (e.g., trabeculectomy) is usually performed. 

giiTMnst-r y of the Invention 
10 We have discovered that glaucoma is associated 

with elevated glutamate. We have further discovered that 
glaucoma management, particularly protection of retinal 
ganglion cells, can be achieved by administering to the 
patient a compound capable of reducing glutamate- induced 
15 excitotoxicity in a concentration effective to reduce 

such excitotoxicity, thereby reducing the loss of retinal 
ganglion cells resulting from such excitotoxicity. 

By way of additional background underlying the 
invention, excessive influx of Ca^"*^ due to glutamate- 
20 mediated receptor activation is thought to underlie 

excitotoxicity. Several types of calcium-permeable ion 
channels that can be involved in this excitotoxicity are 
mentioned below, including voltage-dependent Ca^**^ 
channels, the NMDA receptor channel complex, and other 
25 channels directly coupled to glutamate (or excitatory 
amino acid) receptors. Such channels are reviewed in 
Sommer, B. and Seeburg, P.H. Glutamate receptor 
channels: novel properties and new clones. Trends 
Pharmacological Sciences 13:291-296 (1992); Nakanishi, S. 
30 Molecular Diversity of glutamate receptors and 

implications for brain function. Science 248:597-603 
(1992) . 

One aspect of the invention generally features 
administering antagonists of glutamate- induced 
35 excitotoxicity that are capable of crossing both the 
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blood-brain barrier and the blood-retina barrier to human 
patients with non-vascular glaucoma r- i.e,^ all types of 
glaucoma other than the type commonly termed *'neo- 
vascular" glaucoma. A second aspect of the invention 
5 features the use of antagonists that do not have a 

substantial direct effect on glutamate toxicity mediated 
by the L-type voltage dependent Ca'*"^ channel, but instead 
affect glutamate toxicity mediated by other mechanisms 
detailed below. We consider that a compoiind has a 

10 substantial direct effect on glutamate toxicity mediated 
by the L-type voltage dependent Ca"^"*^ channel if it 
produces a statistically significant result in 
experiments measuring glutamate induced effects by the 
general method described in Karschian and Lipton, J*. 

15 Physiol. 418: 379-396 (1989) or by other techniques for 
measuring antagonism of the L-type Ca** channel known to 
those in the art. (We contrast the direct effect so 
measured with the secondary effects of excitoxicity 
mediated by other channels, which in turn causes flow 

20 through the voltage dependent Ca'*'* channels.) In 

particular, this aspect of the invention features use of 
compounds which are not Class I voltage dependent Ca"*'* 
channel antagonists, e.g., compounds that are not 
pheny lalkylaminies . Preferably, this second aspect of the 

25 invention features antagonists of the N-methyl-D- 
aspartate (NNDA) receptor channel complex and other 
glutamate receptor antagonists described in detail below. 
Other useful compounds according to the invention include 
antagonists of non-NMDA receptors — i.e. antagonists of 

30 glutamate induced excitotoxicity that do substantially 
affect excitotoxicity mediated via the NMDA receptor 
channel complex (e.g., excitoxicity caused by NMDA in 
experiments well known to those in the art) , but instead 
operate by antagonizing excitoxicity mediated via other 

35 glutamate receptors. Also, antagonists of the second 
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aspect are used in preferred embodiments of the first 
aspect of the invention. 

According to both aspects, the invention 
preferably will be used to treat patients which have 
5 primary open-angle glaucoma, chronic closed-angle 
glaucoma I pseudoexf oliation, or other sub- types of 
glaucoma or ocular hypertension. Preferably, the agent 
is administered over an extended period (e.g., at least 
six months and preferably at least one year) , regardless 

10 of changes in the patient's intraocular pressure over the 
period of administration. 

Particularly preferred compoxinds used in both 
aspects of the invention are antagonists of the NNDA 
receptor-channel complex. The term "NMDA receptor 

15 antagonists" includes several sub-types of NHDA 

antagonists including: a) channel blockers — i.e., 
antagonists that. operate uncompetitively to block the 
NMDA receptor channel; b) receptor antagonists — 
antagonists that compete with NMDA to act at the NMDA 

20 binding site; c) agents acting at either the glycine co- 
agonist site or any of several modulation sites such as 
the zinc site, the magnesixim site, the redox modulatory 
site, or the polyamine site; d) agents which inhibit the 
downstream effects of NMDA receptor stimulation, such as 

25 agents that inhibit activation of protein kinase C 

activation by NMDA stimulation, antioxidants, and agents 
that decrease phosphatidylinositol metabolism. 

Other compounds that are useful in the invention 
include voltage-dependent calcixim channel antagonists 

30 which are described in greater detail below, particularly 
those which cross the blood-brain and blood-retina 
barriers and which can be administered chronically. 
Other preferred agents act as antagonists of non-NMDA 
receptors (glutamate receptor types other than the NMDA 

35 receptor complex discussed above] , and include agents 
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which block ionotropic glutamate receptors or interact 
with metabotropic glutamate receptors (Nakahishi, supra). 
Other preferred agents act to limit (reduce) release of 
glutamate from cells, thereby acting upstream from the 
5 glutamate receptors in the excitatory neurotoxicity 
process. Still other agents may act by blocking 
downstream effects of glutamate receptor stimulation, 
e.g., the intracellular consequences of glutamate 
interaction with a cell membrane glutamate receptor, such 
10 as agents (like dantrolene) that block the rise in 

intracellular calcixim following stimulation of membrane 
glutamate receptors. 

The most preferred compounds are those capable of 
crossing the blood-brain barrier or the blood-retinal 
15 barrier; these compounds may be administered orally, 
intravenously, or topically and cross intervening 
barriers including the blood brain barrier to reach the 
retinal ganglion cells. Compounds that do not freely 
cross the blood-brain barrier are less preferred; these 
20 compounds may be administered intravitreally to the 
retina. In the case of compounds that have an 
intermediate ability to cross the blood-brain barrier, 
the mode of administration will depend on the dosage 
required and other factors. 
25 Among the preferred compounds are amantadine 

derivatives (e.g., memantine, amantadine, and 
rimantadine) , nitroglycerin, dextorphan, 
dextromethorphan, and CGS-19755. See generally, the 
compounds listed in Table 2. 
30 The invention is useful for the reduction or 

prevention (including prophylactic treatment) of damage 
to retinal ganglion cells and their axons comprising the 
optic nerve in patients with glaucoma. 
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Other features and advantages of the invention 
will be apparent from the following description of the 
preferred embodiment thereof, and from the claims. 

Description of the Pref* »yT-ft<i ^ Kodinents 
5 The drawings will first be briefly described. 

Drawings 

Fig. 1 is a bar graph of normalized amino acid 
concentrations in glaucomatous vitreous when compared to 
control vitreous. 
10 Fig. 2 is a graph of amino acid concentration of 

glutamate in vitreous plotted as a function of years of 
glaucoma. 

Following is a detailed description indicating 
that increased levels of glutamate in the vitreous is 

15 associated with glaucoma mediated damage of the optic 
nerve- We do not wish to bind ourselves to a specific 
theory. However, in view of well documented literature 
establishing the excitotoxic effect of glutamate on 
neurons of the central nervous systems, including retinal 

20 neurons, it is likely that the compounds of the invention 
are useful for treating glaucoma because of their ability 
to block glutamate induced excitoxicity. Also outlined 
are assays which provide one skilled in the art with the 
necessary guidance to determine the potential efficacy of 

25 receptor antagonists in reducing or preventing damage of 
the retinal ganglion cells. 
Detection of Vitreal Levels of Glutamate 

Vitreous samples from twenty-six glaucomatous and 
non-glaucomatous patients (on the General Eye and 

3 0 Glaucoma Consultation Services of the Massachusetts Eye 
and Ear Infirmary) were assayed. Samples were 
centrifuged at high speed in a Microfuge for 60 minutes 
at 4^C. The supernatant was then immediately frozen in 
liquid nitrogen and stored at -80^C until assayed for 

35 amino acid concentration. Amino acid analyses were 
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performed by the Neurochemistry Laboratory of the 
Massachusetts General Hospital. Icunedlately before 
analysis, salicylic acid was added to each sample. 
Analyses were carried out by cation exchange on a 
5 Becknann Amino Acid Analyzer (model 6300) , as described 
in detail previously (Lipton, et al. Neuron, lill, 1991). 
Duplicate analyses of samples from three controls with 
cataract and three patients with glaucoma were performed 
by the Amino Acid Laboratory at children's Hospital of 

10 Boston. These duplicate values agreed in all cases 
within 9% of the results obtained at the Massachusetts 
General Hospital laboratory. 

Samples were obtained from fifteen patients with 
documented glaucoma and cataract, and from eleven 

15 patients with cataract alone. Each patient with glaucoma 
(either primary open angle, chronic angle closure, or 
pseudoexfoliation) had either been on anti-glaucoma 
therapy for at least one year prior to cataract surgery, 
or had undergone a filtering operation for pressure 

20 control. 



fold elevation in glutamic acid levels in patients with 
glaucoma and cataract when compared to cataractous 
controls (Figure 1 and Table 1) • Data were analyzed by 

25 the students'" t test and were significant at p<0.000l. 
Apart from glutamate, no other statistically significant 
variation in amino acid concentrations was detected in 
these patients. The data were further stratified by 
patient age, axial length of the eye, sex, race, type or 

30 severity of cataract (as judged preoperatively) , etiology 
of glaucoma, or type of anti-glaucoma therapy. The 
presence and severity of cataract (based upon pre- 
operative examination and cataract type) were similar 
between the control and glaucoma groups. Thus the group 



Amino acid analyses reveal an approximately two- 
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of patients with cataract alone could serve as an 
appropriate control group. 

TABLE 1: Amino Acid Concentrations in Vitreous of 
Control and Glaucoma Patients 







Controls: 


Glaucoma : 






167.4 ± 44.3 


159.1 ± 50.7 




Asnairtate 


Not Detectable^ 


Not Detectable^ 






12.6 ± 1.8 


22.3 ± 2.8^ 






479.0 + 33.1 


466.1 + 41.1 


10 


Glycine 


99 Q + R n 


97 + 99 Q 




Hxstiame 




19 + *1 1 




xsoxeuc j.n6 


35.1 ± 1.2 


34 . 1 ± 4.4 




Leucine 


77.9 ± 2.5 


73.6 ± 7.9 




Lysine 


106.3 ± 4.6 


101.5 ± 7.7 


15 


Methionine 


21.5 ± 2.2 


20.1 ± 2.9 




Phenylalanine 


63.4 ± 4.7 


58.9 ± 6.9 




Serine 


105.5 ± 8.7 


98.6 ± 7.6 




Threonine 


57.5 ± 6.5 


56.8 ± 7.3 




Tyrosine 


15.8 ± 1.3 


15.6 ± 1.2 


20 


Valine 


143.6 ± 19.1 


143.2 ± 19.4 



All concentrations are /imols/ liter ± standard 
deviation; those amino acids not tabulated were not 
analyzed. 

Below 5 MTOols/ liter. 

25 When compared to control, significant by the 

students' t test at P < 0.0001. 
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The glutamate concentrations detected in these 
patients were also plotted as a function of time from the 
diagnosed onset of the disease with patients having 
cataract alone, plotted at time zero. A graph of these 
5 data is shown in Figure 2. The correlation coefficient 
for the line drawn is r = 0.702. Thus, although elevated 
in all glaucomatous vitreous assayed, there is a direct 
correlation between the level of glutamate and the stage 
of visual loss from glaucoma. 

2Q The elevated glutamate can damage neurons by NMDA- 

mediated activation; and glutamate (or congener) 
activation of non-NMDA receptors could also contribute to 
retinal ganglion cell loss, and may be important to 
control, even if the NMDA contribution predominates. 

15 See, generally, Sucher et al. J. JVeurosci ., 11:966 (1991). 

One explanation for the toxic level of glutamate 
found in glaucomatous vitreous is that it is released by 
dying cells during the course of the destruction 
occasioned by the glaucomatous process. For example, 

20 other forms of trauma to nerve cells are known to lead to 
the accumulation of extracellular glutamate (Faden et al. 
Science, 244:798-800 (1989)), and the elevated pressure 
of the glaucomatous process could exert traumatic injury 
on cells. The glutamate thereby released could, in turn, 

25 lead directly to further neuronal injury. A second 
possibility is that the glaucomatous process (perhaps 
through elevated pressure on the cell soma) leads to 
increased permeability of damaged retinal cells, exposing 
intracellular stores of glutaminase. This might promote 

30 the conversion of glutamine to glutamate. However, 

whatever the mechanism of generation, this neurotoxin is 
elevated in the glaucomatous population, and therefore 
participates in the destruction of retinal ganglion cells 
and the consequent visual loss seen in this disease. 



WO 94/13275 
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Selection of Antaaonis-ts 

In view of otir discovery that such excitotoxicity 
is associated with glaucoma^ the invention features 
antagonists having certain specific characteristics: the 
5 ability to cross the blood-brain and blood-retina 

barriers; and the ability to be administered chronically, 
even when intraocular pressure has been controlled to 
within normal ranges* Within those guidelines, any 
suitable antagonist of the glutamate induced 

10 exitotoxicity may be used in accordance with the 

invention. As mentioned, in preferred embodiments, N- 
methyl-D-aspeortate (NHDA) subtype of glutamate receptor- 
channel complex may be used to reduce or prevent glaucoma 
related injury to the retinal ganglion cells and their 

15 axons comprising the optic nerve with conseq[uent vision 
loss. Many antagonists of the NMDA receptor have been 
identified (Watkins et al., Trends in Pharmacological 
Sci. 11:25, 1990, hereby incorporated by reference). 
There are several recognized sub-types of NMDA receptor 

20 including: a) channel blockers — i.e., antagonists that 
operate non-competitively to block the NHDA receptor 
channel; b) receptor antagonists — antagonists that 
compete with NMDA, acting at the NMDA binding site; c) 
agents acting at either the glycine co-agonist site or 

25 any of several modulation sites such as the zinc site, 
the magnesium site, the redox modulatory site, or the 
polyamine site; d) agents which inhibit the downstream 
effects of NMDA receptor stimulation such as agents that 
inhibit activation of protein kinase C activation by NMDA 

30 stimulation, antioxidants, and agents that decrease 
phosphatidylinositol metabolism. 

Other compounds that are useful in this invention 
include: other non-NMDA receptor antagonists, such as 
agents which block other types of ionotropic glutamate 

35 receptors or interact with metabotropic glutamate 
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receptors; voltage-dependent calcium channel antagonists 
receptor , channels) (Bean, B,P. Annu. 

(against L, N, i, anu r jtf 
Kev. Physiol. 51 = 367-384 (1989), ' / " 

=.1 13-337-356 (1990)), anfl ore described in 
, ::rte ;e aifbelo-, and agents which act to decrease^ 
r^rrelease Of ,luta»te, thereby actin, upstrea. in the 

«J rJiptors Which do not operate via the voltage- 
" ion Channel. Tables 3-5 list antagonists 

" rTetl". dependent ca*^ --'^--^^C 

^ th«»elves in CO ne^-— ^ r-dT cTination with 
invention ana Which «n als ^ ^^^^^^^ 

other antagonisrs in 
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NMDA Anta^nists 



1. CompclldvcNMDA Aiitigoiibtf {met 
at agoBfat blndlBg rfic) 

CGS-I9755 (CIBA-CSIGY) and cOta 
pipexdise derivid'vca, D-2-ainLiNy5> 
pboiphovalente, IV2-«nuK>-7- 
phot ph onnhf itinotfe (APT) 



I CIT{PK2-c«boxypipeiMiii-4-y-propyI. 
l-pbotphonicacid]) 



LY 274614. CCP3955I. CX;P37849. 
LY233aS3.LY233536 



O-pbofpbobooioseoiie 



MDL100.453 



NNfDA Antagonists 



X OkaiiDcl Blocfccn (V^^CompcMy 
NMDA Aategoite) 



MK-801 (Dizodlpioc) md aha 
doivativea of ^beozyocyddbefiteac 
(Mock) 

Sigmt wcqtor ligaadi, eg. Denrocphan, 

dc^rtnaneCborpliaB and surphiaaa 
derivatives (Hoftnin La Rocbe) such at 
canmipbcn aad dmcazole (which also 
block addum channels' 

Ketainiiie, TUeftaxmiie aod other 
cyclobeaaaes 



NMDA Antagonists 



X ABtagoDlsts at Glydnc Site of the 
NMDA] 



IlkoicyclkfiDe (ItT) aod (krivatives. ai^ 
pyrazioe coo^oaiids 



MniMnrinp , iwtawrfm^jnr. wm«if»^ nf i 
derivativa 



CNS 1102 (and related aad tri- 
snbstitiaed guaaufiaet) 



Kynuncaate. 7-€hloco-kyouiaate» 5,7- 
chlonvkynnreaate, thiiMlcrivatives, tad 
other derivatives. (Maxk) 



liidoIe-2-caitKnylic add 



DNQX 



Quiooaaliae or oxidiazole daivativa 
iDcliKHagCNQXNBQX 



QyeiDc partial ^oolst (e.g. Bqodu. 
K«issdP-9939) 



Cooantokaa peptide from Coous 
geqgiaphns 



AgitwiiB-4«9 
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NMDA Antagonists 


NMDA Antagonists 


NMDA Antagonists 


4. p,4jHilDe SlU of NMDA KffW 

iKOgeiiic poiy»»»» 1 


S. Redox site of NMDA Receptor 
Onifiaed and nduced gliititluoDe 


^.OUwrNoD-CompetWftNMDA 1 
Astagodfti 1 

Hoechst 831917189 1 




PQQ (pynoloquiiioliiie quioooc) 


SKBOrvedild | 




CoopouDdi that gencnle Nitric Owdc u) | 
cr olhcf ORidalioo rtalM of Ditiog« monoxide 
1 (NOf.NO.)inclwfi»gthoieUsted i» Ihcbox 

. below 




1 agoniiu) 


KitiogJyceriD and derivativet. Sodium 
Ntoowittridc. awl otlw HO gcoentmg 1^ 
oop.SofthUtafale 






' ifitiic oxide lyiUhaseCNOS) tohiteioii: 
AmiriDc amlogi iodufiiif N nnooo^iiirtliyl 
L^ipnii.e(NMA);N -Miiio^l--^^ 
(NAAV.N .iutxo^L-aipittneffINA);N - 
\^V^ipmi^^i^^* N-iniobcthyl 
1 LHondtMne 






FUviD InlttUton: fipbeayUodWimi; 
1 ciliDodiaiBinhaiit«,tiifluoperiaiiic 





CdctoeaiiD InluTiUin. e-g, IX-306 CuAiWi 
aldtemn md th« NOS *pl«»pi«3l>«) 
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Inhibitors of Downstream 
Effects of NMD A 


Inhibitors of Downstream 
Effects of NMDA 


Non-NMDA Receptor 
Antagonists 


7. Agcoti Id Inhibit protdii Uium C 
acdndcm by NMDA ftlmulAlSoB 
OoTolvid la NMDA taddly) 


ft. Dowmlicain cffcdf from Receptor 
ActlvaHon 


9A. Noo-NMDA aatagodbti 

{Gompcllilvc) 1 


MDL 27:266 (Menill Dow) and triude- 
ooe dedvBti vet 


8a. Todeocascpbopshatidyliiioritol 
Dctabalism 


CNQX, NBQX, YM90^ DNQX 


Monoualogaogfioddci (eg GMl of Hifia 
Coip.) and other gangUonde derivativet 
LIGA20. LIGA4 (may also ciTect caldum 
cxtniiioo via caldum ATTaae) 


kappa opioid fccepcor agodit: 
US0«88(Upjobii) and dyoocpluB 


AMOA (2.amino-3[3-9carboxymcihoxy!- ( 
5-iiie(boxyliaoxazot-4-yl]prop*oiuue] 1 




kappa opioid iccepcor ^oniit: PDl 17302, 
a-977 


2-pbofphophoooeihyl pheaytahnioe 1 
derivative*, te. Vethy!, 5-inethyl, 5- 1 
tnflttoromeiby] | 




8fai To decnsaaebydrogeo peroxide and 
fne fidicB] injuiy, eg aotbxidaots 






21-aiiucMtenxd (lazaraid<) tixh aa 
U7450QA, U75412E and U74006F 


9B. Non-NMDA Nob cmt^Ktllivc | 
AMagoolitB 1 




U74389F. FLE26749. Tndox (water 
aoliible alpha tocopheool). 35^1ia]koxy-4- 
bydiooiy-beaiylamuMi 


GYKI53466 1 




Compwindi that geaaate Nitric Ou(k 
(NO) or other oxidatioo itMei of nitrogen 
moiioiidr (NOf , NCV) iadudmg those 
fisted in the box bdow 


Evaai Blue | 




Mnpglyoeiin and dedvadves, Sodiom 
Nitraftiunde, and other NO generating 
fitted en pL 5 of tbia table 






Nitric oxide lyothase (SOS) Inhibiton: 
Aigininc analogi indiKSag N -oxjoo- 

methyJ-L-aiginine (NMA); N -anrnxvU 
aigifline(NAA);N -oitiD-L-aigimne 

(NNA);N -nitiD-L-aigiaine meiby] atcr; 
N-iminoeibyl-L'KMBithiae 





wo 94/13275 



PCTAJS93/11833 



- 15 - 



Agents Active at 
MetabotropicGltttamate 

Receptors 


I 

])ecrease glutamatc release 


>rug^ to decrease iniraceiiuiar 
calcium foUowing glutamate 
receptor stimulatioD 


1 1.1. Bl«<k.r.ofM.l»bot»F»e |, 




2a. Alfota to dccrtw Inttacdliiltf cadlim 
rdcaic 










AteoBDC dcrivitivei. cfr 
cydobexyladcaosiDe 


DMrtxolcne (iodiBin dMtfrium); Ryanodine (or 1 
lytnodine 4- adfieae) 1 


1 10b. Av^ot^^}r**^ 


CNSU45 


UK Atenti lahWaiif liitr»e«nuUr CddnnJ 
AlPM 1 

i^««AMftc> •rsiL BHO n23- 1 




\c^,,o«n^i SNX-1 1 U SNX.183. SNX- 
230 


ThapB^aipn. cyclofuMomc aao, onw u-*^ i 
tSKiert bulyl>l,4^waohydrDqiiinooc; 2^- 1 
(teit-liutyl>l.4bcB2ohydioquii»ocl) [ 




1 Ooicgt-Aga-IVA^ioM won wool w 
1 funwl web ipidef 






1 Sited in the bca below 


1 1 




1 Niin>8>ycain»Ddderi^vei.So*«n 
Elted0D^5ofthilUble 


1 
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table 2 Pages 



Additional HO-generatlng 
conpounds 



Isosorliide 
dinitrate (isordil) 



S-nitro8ocaptopril 
(SnoCap) 



Serum alliumiii coupled to 
nitric oxide (SA-HO) 



Catbepsin coupled to nitric 
oxide (cathepsin^BO) 



Tissue plasminogen 
actlTator coiqpled to 
HO (TPA-VO) 



SIH-1 (also knovn as 
Sm or molsidomine) 



lon-nitrosyl complexes (e.g.» 

nitrosyl-iron complexes , 
vitb iron in the Fe2+ state) 



licorandil 
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TABLB 3 



I • t7 P ^-HH**!- types ^ 



5 ^^^^^S^s'^^^'r^^^^^ (S).e.opa»iI, D-eOO, 

Sinzothiazepines (e.g. , diltiazem and others) 
bepridil and related drugs 
.0 ?«iS^'«iSB're!9.. flunarizine/cinnarizi.. 

series) 

HOE 166 and related drugs 

?eSaS2, hololen. toxin Pjf "J^^^J^^^lSi 
*««nel-web spider venom and its toxin fraction, 
agSSoiinfinSiuding o-agatoxin IIIA and «-agatoxin 

IVA- 



20 



TABLE 4 



nifedipine 

niludipine , 
25 PY108-068 (darodipxne) 

mesudipine 

GX 1048 

f loridine 

nitrendipine 
30 nisoldipine 

nimodipinc 

nicardipine 

felodipine ^ 

PN2 00-110 (Isradxpme) 

35 CV4093 



KW3049 
oxodipine 
CD349 
TC81 

YM-09730-5 or (4S)DHP 

MDL72567 

R018-3981 

DHP-218 

nilvadipine 

amlodipine 

8363-S 

iodipine 

azidopine 
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10 



15 



TABLE 5 

■OTHER CAT.CTTTM CHftWHTT, AMT^prTNTTn 



diclofuriae 

pimozide 

prenylamine 

fendiline 

perhexiline 

miof lazine 

flunarizine/cinnarizine 

series 
verapamil 
dilf iazine 
dipropervine 
(S)-einopainil 



D-600 
D-888 

Smith Kline 9512 

ranolzine 

lidoflazine 

CERM-11956 

R-58735 

R-56865 

amiloride 

phenytoin 

thioridazine 

tricyclic antidepressents 
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IlUat.^-—-^f^tfr^^a for utility in the 

oTririr^^i--. ne^cnal ceu aeat. 
method of tfte X incubated in vitro with 

^" '^iTixiro/t^e antagonist to reauce 

S 9luta«t.. f •^;",,V«Blned by scorin, live cells 
:™ar^en:Latea ove.ni,.t wit. ^ ,luta»te 

^ttal ,an,lion^-;:^-r/rir. 
,0 identified and -"^^ "^"^i^^/.^^.^cent dye ^.nular 
under general "'^^^'^^ 0-tadt. ^0, is injected 
blue <«-='''^°"°;''="'"" .ispension in saline into the 

„ approximately a " t-'^' Evans rats 

superior colliculu. of 4- to 7 day o ^ 

(Charles «iver "^"^^^-^"rir^'a^clpitation and 

'-'-rZ- Z Z r^^^s licxxy removed. The retinas 
enucleated, ^ ^ i„ j^^le-s Binimom 

ere then dissociated and cui 

essential .ediuB («BM -"^^ ^ °X,,,,,„io.e, . .« 
- ^"TT::r.lTra.rcil le.- ae^trose, S«<v,v, 

'rinr: as^crlhea in -P- - al 

,,,.o-7A ^pvcent that when using a [ca j oi 
385:361, (1987) (except n ^.^reous — Mg** was 

level found in the vitreous »y 
higher - ^l-^^^^' * „ceptor-Bediated neurotoxicity - 
« o»itted to enhance ^ , „a^„ et 

- see. Levy et al. Neurol gy. g^j,. The 

,„c. ,3S coverslips coated with 

cells are plated J^,,^, .i^hes; ,luta«te 

poly-L-lysine - « various doses of 

- ^rec::r:ch:::el Lple. anta,..t. or n n.™» 

•""-rirvrir:::;rrr Jne- dV m ..ur. 

^ 3,.cTn an atmosphere of 5* C0,/«% air. GangUon 
35 Tells cal he „ne<^ivocally identifiea hy the contxnuea 
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presence of the fluorescent blue dve 
retinal ganglion cells to take 1 i """''^^ °^ 

aiacetate to fluorescein isTs^T^lVllT' 
Viability as described i„ detail in 2^ T T '"^'^ 
S Dye uptake and cleavage correlates weu J' ' 
electrophysiological properties a.. ^ 
electrodes. Pertaes assayed with patch 

To perform the viability test i-h 
medium is exchanged for phvsioi. / ^^^^^'^^Iture 
- O.ooos* fiuoresclin diacet^^tr't.r:^"^ T"^"^"' 
are rinsed in saline r«<.,-« i ' ^""^ ^ells 

contain the fl.or^^i„^r.lTT°'' ""^ 
fluorescence optics, the" ^ P"— contrast „v 
1= presence of the ^r^er dye^^^^Tr ^"""""^ 
"tlnal ganglion cells dLi«!^' '^""^ 
re^i„s. l„ contrast, th" " aTHet'^r' "r^'" 
display not only a blue color in the , " . 
yellow-green fluorescence CLrfx^teT ' 
20 fluorescein. Thus, the use of t =PP"Priate for 

fluorescence filt.^ sets ^erTL ° 

Of the nu^^r of viable grngut ctlsTth^'T""""" 
Which are found .s solitary neuron! , • '="^'="'^«= • 
cells in s„all clusters (ZZTy Z Z """^ 
2= approxi^tely l:io -litary t ..u^te-ar"" °' 

t..n conduit., - ^^^^ - 

such as the miDA antagonists an,,/ °* *-ugs 

30 in^preventing .luta^at^ ::cto:X^^^^ "^'""^"^ 

*n effective receptor antagonist wi 1 , 
decrease in glaucoma-associated r.t ^ , * ' 

damage or death, .s descrihL teT','"" 
3a compounds which cross the hlood-hrri; a^: lll^llL^, 
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«r.f erablY administered topically or orally 
barriers are P-^^^^/ acceptable vehicles including 
Known p.ysxolog c^^^^^^^ suspensions. Those 

.ablets ,pp,,,iate how to formulate 

skilled in the art wij.* fr 

acceptable therapeutics. ^ . ^.^ , 

Antagonists may be compounded xnto a 
Antagon pharmaceutical 

ph.r«ceutlcaX P"""-'"™; "^^^^^^ exact tcmulation 
co^unas ,„;p„und dep.nd. upon the 

and aos.,e c« *^«;^^/„:"t„erally. the e«e=tive aaiXy 
10 route of „„ge from 0.01 to 1000 

dose of the antagonists wii* 

other eBboaimenf are within th. following clai^. 
other emD invention may be used for 

15 For example, the '■««>°* °' cell da«ge associated with 

«eatment of ^^^^^ ^-^^ °^ 

glaucoma ^^^"^ „ducing intraocular 

e.g. those "^^^^'^escrihed herein. In the method of 

pressure su^ as «hose ^ .^mistered hy 

,„ the mventi™, a ^ retinal 

«ans^t all ^^^^^^^ ^^^.^ 

ganglion ^^^^^ i„ei„a. antagonists of 

compounds useful and non-MMDA 

excitatory a.-=-x ^^^^^^ ^^^^^^^ 

" ^'Tl'l^ury Tla the ,lauco» mediated rise in 

"e^liriarglutamate. or^ich -^^rL act 

,.tamate to the^ ^t-^g atTmodul'atory site or a 
to prevent cell aeai^n j . ^ events 

«ite or by blocking the chain oj. 
30 co-agonist site, or jr 

initiated by receptor ^^^^^^^J^" following claims. 

Other embodiments are within the r 

What is claimed is: 
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Claims 



aanage to retinal ,a«,Uo„ cenJ" ' ""^ '"^ 

s aa.i„i.t„ti„, to s.JZZl\ J^r''°' '^''^'^"^ 
antagonist o. .lu...,J,J^'':^l^l\^^^risi^ an 
concentration effective to c.„. '^''"'•^""^"y. in a 
excltotoxlclt.. eal. a^agoniT JlT"'°" °^ 
- -.er aL t." ^'J^— 

" Via:e::reoir:t::r^^^^^^^^ 

said Mthod comprising admlniste^Lr/ 

-alca»e„t comprlein, an ant'gltt „f J""" •'"'^^ » 

excitotoxicity in a o«« ^ 9°nist of glutamate induced 

- reduction o. Il.reL^^^^^^^ ^ 

Characterized by the substantiarah ^""^^^^"^^^ ^'-i"? 
effect on the L-type volta- H °^ ^ 

ype voltage dependent ca** channel. 

3- A method of makina a morn 
a h^an patient fro. damage to reTl„T ""^-tlng 
=0 associated with non-vascular f o^s " T'""" 
-edlcament comprlsl™, an antago"s, If'^T""' 
«citoto.lclty, in . concentrltlon e«e«r" "^"^ 
reduction of said «<cltotoxlcltv Jfl ° 
capable of crossing the blood brairL "^l"? 
25 retina barrier. " barrier and the blood 

4- A method of makina a mr.^,- 
retinal ganglion cells against 01^0 P"t.ctlng 
m a human patient, said medi-l" a-oclated damage 

antagonist of glutamate IndteTetit'^r^'"' 
30 concentration effective t„ ««"otoxicity, 1„ . 

excitotoxicity ZTlL °' 

ity, said antagonist being characterised by 
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the substantial absence of a direct effect on the L-type 
voltage dependent Ca** channel . 

5. The method of claim 2 or claim 4 wherein said 
antagonist is capable of crossing the blood-brain barrier 

5 and the blood-retina barrier • 

6. The method of any of claims 1-4 wherein said 
glaucoma is chronic closed-angle glaucoma. 

7. The method of any of claims 1-4 wherein said 
glaucoma is primary open-angle glaucoma. 

10 8. The method of claims 1-4 wherein said glaucoma 

is pseudoexfoliation glaucoma. ' 

9. The method of claim 2 or claim 4, said 
antagonist being capable of crossing the blood-brain and 
the blood retina barrier. 

15 10. The method of any of claims 1-4, said 

medicament being administered to said patient topically. 

11. The method of any of claims 1-4, said 
medicament being administered to said patient orally. 

12. The method of any of claims 1-4, said 
20 medicament being administered to said patient 

intravitreally . 



13. The method of any of claims 1-4, wherein said 
antagonist is an antagonist of the NMDA receptor-channel 
complex. 
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14. The method of claims 1-4, wherein said 
antagonist is an antagonist of glutamate induced 
excitotoxicity that does not operate via the NHDA 
receptor channel complex. 

5 15. The method of any of claims 1-4, wherein said 

antagonist is one of those listed in Table 2. 

16. The method of any of claims 1-4 wherein said 
medicament is administered chronically. 

17. The method of any of claims 1-2 wherein an 
10 antagonist of glutamate excitotoxicity listed in Table 2 

in combination with an antagonist of glutamate 
excitotoxicity listed in Table 3, Table 4 or Table 5. 

18. The method of any of claims 3-4 wherein said 
medicament further comprises an antagonist of glutamate 

15 excitotoxicity listed in Table 2 in combination with an 
antagonist of glutamate excitotoxicity listed in Table 3, 
Table 4 or Table 5. 

19. The method of claim 7 in which said 
antagonist of glutamate excitotoxicity is a listed in 

20 Table 2. 

20. The method of claim 8 in which said 
antagonist of glutamate excitotoxicity is a compound 
listed in Table 2. 



21. The method of claim 9 in which said 
25 antagonist of glutamate excitotoxicity is a compound 
listed in Table 2. 
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22. The method of any of claims 1-4 wherein said 
antagonist of glutamate excitotoxicity is a compound that 
limits release of glutamate from cells. 

23. The method of any of claims 1-4 wherein said 
5 antagonist of glutamate excitotoxicity is a compound that 

blocks the intracellular neurotoxic consequences of 
glutamate interaction with cell membrane glutamate 
receptors. 
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